Introduction
In cancer screening, overdetection is defined as the detection of a cancerous lesion through screening that would otherwise not have caused any symptoms or early death.
1 It is considered the most harmful effect of cancer screening as it unnecessarily labels people as "cancer patients," leads to treatments causing harm but no benefit, and diverts healthcare activity from patients who genuinely need it. 2 Specifically in cancer screening, the main drivers of overdetection are the cancer's speed of progression and lead time. Some cancer lesions progress slowly or not at all; as a result they will not cause symptoms in the affected person's lifetime. 1 Secondly, screening will detect cancer before it causes symptoms, advancing the moment of diagnosis, which is called lead time. Especially in the presence of competing risks because of other health conditions or advanced age, people might die before the cancer would have become symptomatic, making the earlier detection of the cancer futile. The risk of overdetection is particularly large in the detection of small cancer lesions: their progression is uncertain, and, if they do progress, lead time might be substantial.
In addition to harms from being labelled as patient with a cancer, 3 4 overdetection is harmful for the individual because it leads to unnecessary testing and treatment. Overdetection in breast cancer screening results in more breast surgery including mastectomy 5 6 and deaths from cardiovascular disease and secondary cancers after radiotherapy. 7 In screening for prostate cancer, harms from overdetection include urinary incontinence and erectile dysfunction after prostatectomy and bowel dysfunction after radiotherapy. 8 Screening for bowel cancer is associated with the risks of further testing with colonoscopy and the associated complications of this procedure (bleeding and perforation). 9 Because cancer screening can lead to benefit in some people and harm in others, there is general consensus that people should be allowed to make an informed choice before deciding to participate. Patient information leaflets, however, seldom include specific information on overdetection. [10] [11] [12] This might be because of uncertainty on the extent of overdetection, the difficulty in explaining the concept in lay terms, or fears it could lower participation. 13 As a result, overdetection is largely unknown to most people, 14 and many are surprised when they are informed about its possibility. 15 In addition, we know little about how much overdetection people would consider acceptable, which could depend on the benefit that could result from screening or the consequences of overdetection, which are different according to which cancer is being overdetected.
We examined how much overdetection people would accept when participating in screening for breast cancer, prostate cancer, and bowel cancer and whether acceptability is influenced by the magnitude of the benefit from screening and the cancer specific harms from overdetection
Methods
We performed an online survey of people aged 18 or older living in the United Kingdom. Potential respondents were part of an existing panel of people who volunteer for online research and were invited by email or online marketing in August 2014. Each respondent received a financial incentive of about £1 (€1.4, $1.5) to participate. The sample was selected to be representative for age and sex according to the 2011 UK census, and sample size was based on the achievement of a 95% confidence interval of <20 around a hypothesised mean of 20 cases of overdetection that would be acceptable for bowel cancer screening (requiring at least 987 respondents).
The survey included questions on three different types of cancer screening: breast cancer (for women), prostate cancer (for men), and bowel cancer (for both men and women). For each type separately, we presented the absolute number of cases per year in the UK and a description of the treatment, including its adverse effects. Incidence estimates and evidence on treatment and adverse effects were drawn from the respective Cochrane Systematic Reviews, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] relevant National Institute for Health and Care Excellence (NICE) guidance on diagnosis and treatment of early and locally advanced breast cancer (CG80), prostate cancer (CG175), and colorectal cancer (CG131), the UK Screening Portal (www.screening.nhs.uk), the National Bowel Cancer Audit report, 17 and the Second All Breast Cancer Report. 18 Immediately after we presented the background information for that particular type of screening, we presented two hypothetical screening scenarios. Both scenarios described a population of 1000 respondents, with a 5% incidence of cancer and 1% cancer specific mortality. The first scenario represented a 10% relative reduction of cancer specific mortality as a result of screening; the second scenario a 50% relative reduction. All information was presented in written format with absolute numbers and illustrated graphically to increase understanding 19 (see appendix figure S1 ). We kept the incidence, cancer specific mortality, and benefit constant over the three types of screening, the only difference between them was the treatment and its consequences (appendix table S1).
We consistently used the term overdetection rather than overdiagnosis to avoid confusion with misdiagnosis as documented in previous studies. 15 Immediately after each scenario of benefit, we asked respondents about the maximum number of people overdetected and overtreated that they would accept for the given benefit. The respondents were allowed to indicate a number between 0 (the minimum) and 1000 (entire population as maximum). At the end of the survey respondents were asked "Do you have anything else to add about overdetection in cancer screening?"
The survey was piloted in a small group of the general public: face-to-face cognitive interviews were conducted with three members of our patient and public involvement panel to ascertain the comprehensibility of items and visual presentations, after we amended the survey to increase comprehensibility.
Analyses
Data on respondents' baseline characteristics including age, sex, previous diagnosis of cancer, any chronic conditions, education level of degree or above, knowledge of overdetection, and previous participation in cancer screening are reported descriptively including 95% confidence intervals. Acceptability of overdetection for each scenario of each screening modality was not normally distributed. As a result, we report summary statistics using medians and 95% confidence intervals. We used non-parametric bootstrap to approximate the sampling distribution of median acceptability of overdetection and derived 95% confidence intervals using the centile method. Distributions were smoothed with an Epanechnikov kernel function (figure⇓).
We tested whether there were significant differences in the median acceptability of overdetection across different types of screening using the Wilcoxon test for paired data. In addition using the Mann-Whitney test to examine whether median acceptability was associated with respondents' baseline characteristics for both scenarios on bowel cancer. For all univariate analyses, we categorised age in those aged 50 or older versus younger than 50 because most cancer screening programmes start after the age of 50.
Secondly, we performed a logistic regression analysis to explore whether respondents' baseline characteristics were associated with either very high or very low acceptance levels of overdetection. Very high acceptance of overdetection was defined as accepting ≥800 cases of overdetection for any scenario of any of the types of screening based on the distributions that showed a marked increase after 800 cases, corresponding with the 80-88th centiles across scenarios. The threshold for very low acceptance was set accordingly at the 20th centile, corresponding with a maximum of 30 cases of overdetection. Variables were considered to be significant in the regression analyses at P≤0.05. We initially fitted a logistic regression model with age as a continuous covariate, but after checking the model it was clear that age did not have a linear relation with either very high or very low acceptance of overdetection and so we categorised age as <50 and ≥50.
All quantitative analyses were performed in Stata v.11.2.
We examined and compared the free text responses of respondents accepting very high (≥800 cases) or very low (≤30) levels of overdetection for at least one scenario. We conducted thematic analysis based on emergent themes in the data. Coding schemes were produced based on the content of the free text comments, and the data were coded accordingly. Separate coding schemes were produced for respondents with very high and very
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Results
The survey was completed by 1000 respondents (234 people started the survey but did not finish, which corresponds to a 19% attrition rate). Table 1 shows the baseline characteristics⇓. Compared with the 2011 census, the sample was less ethnically diverse (UK population 85% white v 91% in our sample) and more highly educated (UK population 27% degree level or above v 43% in our sample) but representative for age and sex. Slightly less than 10% of respondents had been diagnosed with cancer before, of which breast cancer was the most common (n=23) followed by skin (n=17) and prostate cancer (n=8 Less than a third of respondents (29.2%) said they had heard about overdetection before; in respondents aged 50 or older, a similar proportion reported knowledge of overdetection (29.7%).
The most common source of information on overdetection was the media (44%), followed by doctors (28%, of whom half were general practitioners), and family and friends (19%). Only two respondents said they had read about overdetection in the leaflet that came with a screening invitation.
Overall acceptability
The distributions of each scenario for each type of screening show that acceptability peaks at around 100 cases, followed by a long right tail with a moderate increase around 500 and a more pronounced increase between 800-1000 (figure⇓).
There were significantly higher acceptance rates for the 50% reduction of cancer specific mortality compared with the 10% reduction for all screening modalities (all P<0.001), although acceptability of overdetection did not increase fivefold when benefit increased fivefold (table 2⇓) . Women accepted significantly more overdetection in breast cancer than in bowel cancer (medians 150 and 120 for scenario 1, P<0.001; and 314 and 231 for scenario 2, P<0.001), and, similarly, men accepted more overdetection in prostate cancer than in bowel cancer (medians 126 and 112 for scenario 1, P=0.006; and 231 and 199 for scenario 2, P<0.001).
Across all scenarios, 3.5-7.4% of people indicated they would not accept any level of overdetection, compared with 7.1-13.9% of people who would accept the entire population of 1000 people to be overdetected to avoid one or five people dying from cancer (table 2⇓) .
We did not find a significant difference between men and women in the level of overdetection they would accept in screening for bowel cancer (table 3⇓) . Additionally, we found no significant association with a previous diagnosis of cancer, having a long term condition, or knowledge of overdetection on acceptability of overdetection. People aged 50 or older, however, accepted significantly less overdetection than younger respondents in both scenarios. Respondents with a degree or above accepted significantly more overdetection than respondents with lower levels of education, although this was apparent only in the scenario with higher benefit.
Very low and very high acceptance levels
A total of 235 respondents indicated they would accept 800 cases of overdetection or more on at least one scenario for any type of screening. Only the presence of a chronic condition was associated with higher acceptance levels: odds ratio 1.55 (95% confidence interval 1.14 to 2.14). Of those 235 respondents, 160 entered a free text comment. We removed nonsensical (n=5) and "no comment" or similar (n=72) entries, leaving 83 comments for analysis. The most salient theme was that it is better to save one life, even if there are negative consequences, and that overdetection is better than cancer not being detected. Some of the comments revealed that personal experiences, age, and the type of cancer treatment influenced their attitude.
Respondents expressed surprise about overdetection and thought that screening and cancer treatment needed to be improved, including better screening, more funding, wider availability of screening, fewer side effects from treatment, and discussion of options after a positive screening result (quotes provided in appendix table 2S).
In contrast, 340 respondents indicated that they would accept 30 cases of overdetection or fewer on at least one scenario for any type of screening. Being aged 50 or older was significantly associated with such low acceptance levels: odds ratio 1.93 (95% confidence interval 1.43 to 2.61). On the other hand, respondents who had participated in cancer screening at least once were less likely to be in this low acceptance category: 0.68 (0.49 to 0.94). Of those 340 respondents, 230 entered a free text comment; after removal of "no comment" or similar entries (n=113), we analysed 117 comments. In contrast with the high acceptance group, respondents with low acceptance thought that the negative consequences of overdetection outweigh the benefit of saving a small number of lives and that it is important to prevent unnecessary deaths linked to overdetection. Similarly to the high acceptance group, respondents expressed surprise, and sometimes concern, about overdetection, and thought that more should be done to inform the public and that improvements are needed to screening and treatment. It was also suggested that the public should be better educated about symptoms as an alternative to screening.
Discussion

Principal findings
Levels of acceptance of overdetection in cancer screening vary widely, ranging from zero to acceptance in the complete population. In this survey of a sample of the general UK population we found very high median acceptance levels for each cancer studied and for every hypothetical benefit. Strikingly, more people would accept overdetection in the entire population than the number who would accept no overdetection at all. We found no difference between men and women in their acceptability of overdetection in screening for bowel cancer, although both men and women accepted less overdetection in bowel cancer than in prostate and breast cancer screening, respectively. People aged 50 or over accepted less overdetection, whereas respondents with a degree or above accepted more (although the latter only in the higher benefit scenario, suggesting that they made a more explicit trade off between benefit and risk). People who had a chronic condition were more likely to accept overdetection in ≥80% of the population. As the benefit increased fivefold, the number of people in whom survey respondents thought overdetection was acceptable also increased, although not by fivefold.
As only a minority of respondents had previously heard about overdetection, questions can be raised as to whether respondents had truly grasped the meaning and consequences of overdetection, especially because the concept of overdetection is complex and there is a limit to how information can be conveyed without a face-to-face contact. In that respect, it is possible that acceptance levels for bowel cancer were significantly lower because of a learning effect during the survey, as bowel cancer was the second screening type presented to each respondent. The description of bowel cancer, however, also included specific information on mortality risk associated with surgery for bowel cancer, which could also have influenced acceptance levels, as suggested by free text entries from respondents with very high acceptance of overdetection.
Although there is a real possibility that some respondents did not understand the information presented, the fact that acceptability of overdetection increased as benefit increased suggests that on the whole respondents made a trade-off between benefits and harms. This assumption is further reinforced by the free text comments, which suggest some people would prefer to experience harm from cancer treatment rather than from cancer itself.
Strikingly, only two people said they had seen information on overdetection in a screening leaflet, although 56% of respondents had been invited for cancer screening at least once in their lifetime. This was also confirmed by the free text analyses, which showed that several respondents were surprised at the existence of overdiagnosis and thought that the public should be better informed.
Strengths and limitations
Our survey was performed in a large sample of the UK population, representative for age and sex and not restricted to people who are eligible for screening or without a history of cancer. Before asking respondents to indicate their acceptability of overdetection, we presented cancer specific information on the consequences of overdetection to allow them to make an informed choice. We acknowledge that the way information was conveyed might influence the findings, which is why we opted for a combination of written and graphic information to maximise comprehensibility.
Despite the existence of several high quality systematic reviews collating all the available evidence on benefits and harms of screening, we found it particularly difficult to obtain reliable estimates of the harms from overdetection and consequently the descriptions still lacked specific data. As a result, we were unable to present head-to-head comparisons-that is, the number of deaths caused by treatment of overdetetected cancer versus the number of deaths from cancer avoided by screening.
We did not present the different types of screening in random order, making bowel cancer the second type presented to each respondent. This could have had an impact on the acceptability levels reported for bowel cancer, as most respondents had not heard of overdetection before and there might have been a learning effect after the first screening type. For the same reason, it is possible that respondents might not have fully understood the questions. We tested the survey face to face in a small group, however, which showed that the questions, although perceived as "not easy to answer," were understood by our test panel and similar high ranges of acceptability were obtained during the test. The free text comments also revealed a depth of understanding and consideration of the questions.
Comparison with existing literature
An earlier online survey on acceptability of overdetection found a median of one case of overdetection for one person to be saved. 20 This is different from the 113-150 cases of overdetection found acceptable in our study. This large discrepancy could be because the earlier survey limited the responses to 100 people overdetected from 1000 screened people and split possibilities over seven categories, which were skewed towards low acceptability. In contrast, we allowed any estimate ranging from 0 up to the total population of 1000 screened people.
Our finding that a proportion of respondents would accept very high levels of overdetection is similar to other related work that seems to suggest some people are willing to tolerate high rates of false positive diagnoses with computed tomography colonography in exchange for the diagnosis of an extracolonic malignancy, with more than 20% of respondents accepting invasive testing even when this resulted in a risk of death that was equivalent to the chance of finding an extracolonic malignancy. 21 On the other hand, informing people about the risks associated with cancer screening has been shown to decrease participation, 22 and presenting people with risk information (one death per 10 000 colonoscopies evoked negative emotional responses. 23 This again seems to support the finding that people might respond differently to potential overdetection and risks associated with cancer screening.
Implications for clinicians and policy makers
Lack of knowledge on overdetection seriously hampers informed decision making in participation in cancer screening. In the past decade, few improvements were seen in how people are informed by leaflets. 12 24 In general, the potential benefit is more commonly presented than the harms, and the effects are imprecise and presented in relative risks. 25 Some countries attempt to inform potential participants in screening about overdetection, but the information is seldom specific enough to make a truly informed choice. The current NHS leaflet for breast cancer screening indicates that a woman is three times more likely to experience overdetection than to avoid death from breast cancer by participating in the screening programme. Although there is debate about the accuracy of this estimate, 12 the leaflet currently does not include specific risks associated with overdetection other than receiving unnecessary treatment. Moreover, reduction in mortality from breast cancer was the most common information provided in 47 Italian leaflets, but none included any information on risks or potential harms. 10 The NHS leaflet for bowel scope screening includes no information on possible overdetection (July 2013) nor does the NHS Bowel Cancer Screening website (www. cancerscreening.nhs.uk/bowel). Similarly, a third of 41 information materials used to inform people about bowel cancer screening in Germany did not provide any information on harms. 26 Although the trials on bowel cancer screening did not show any increase in cancer diagnoses in the screened population because precancerous lesions (polyps, adenomas), which are targeted for treatment during colonoscopy, were not included in the cancer outcome, the Minnesota trial on bowel cancer screening showed that 47% of respondents received between one and six colonoscopies in the first 15 years. One could argue that it is impossible to convey all important information in one leaflet. General awareness about overdetection could be improved by mass media campaigns. Such campaigns have the additional benefit of reaching both the general public and clinicians, as evidence seems to suggest that clinicians have an equally poor understanding of diagnostic accuracy. 27 In the presence of an ongoing education campaign, leaflets with invitations for cancer screening could then be more explicit about the likelihood and consequences of overdetection for that particular screening.
Unanswered questions and future research
Longitudinal studies could provide more insight into whether people's individual acceptability varies on the basis of personal experiences, media coverage of high profile patients with cancer, etc. In addition, despite our best efforts, we were not able to recruit a sample that was representative for UK education level and ethnicity, which means our findings might not be generalisable to populations with a more diverse background.
The current lack of information might be symptomatic of an underlying evidence void on the exact consequences of overdetection. In addition, most people did not have any recollection of overdetection being mentioned in leaflets when they were invited to attend screening. To allow people to make an informed choice that is aligned with their personal values, we should get better at measuring not only benefits but also the harms related to screening. As a research community, it is imperative we develop more precise ways of communicating the benefits and risks of screening and furthermore, measuring the effectiveness of presenting this information to enable people to make informed choices about their screening decisions.
Conclusion
People have highly variable views on how much overdetection is acceptable in cancer screening. They should therefore be informed about the risk of overdetection and its consequences before deciding to participate. To enable people to do this properly, we need to get better at quantifying harms and benefits.
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What is already known on this topic
Overdetection is defined as the detection of a cancerous lesion through screening that would otherwise not have caused any symptoms or early death Overdetection is the most important adverse effect of cancer screening, leading to unnecessary tests and treatment
Little is known about how much overdetection people would find acceptable for cancer screening and whether acceptability depends on the level of benefit and perceived harms
What this study adds
Acceptability is highly variable, ranging from accepting no overdetection at all to accepting overdetection in the entire population People accepted more overdetection when they perceived a higher benefit from screening People aged 50 or over accepted less overdetection, whereas people with a higher education accepted more Tables   Table 1| Baseline 
